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Fig. 8. An orange line passes through multiple pie charts starting from
the second row till the last row in the matrix diagram, showing that the
thread was active across a long time period. In addition, these pie charts
locate in different columns, indicating users with different performance
were involved into the thread
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Fig. 9. (a) In the Social Network View, users are grouped by nationality.
Users from various countries participate into the thread. (b) The thread
content is shown in the Text View.

were any differences in the achievements of these two big groups of
students. Thus, the instructor performed a series of cross filtering
operations as shown in Figure 4, which resulted in a matrix diagram
of the distribution of high grade students in different countries (Figure
4(d)). Through the percentage information on the bar chart above the
matrix, the instructor found that 21% of Indian students got grades
higher than 80 while high achieving students accounted for 17% of
American students. “Hmm, it seems Indian students performed better
[compared with American students]”, the instructor added, “Our TAs
have obtained similar results using R, but the results are shown in
tables. I like this visual way because it is handy, intuitive, and
interactive. We don’t need to write any program.”

6.1.3 Diving into Threads

To look into the discussion threads in the forum, the instructor selected
the three biggest cells from the Matrix View, since he wanted to
examine which threads were related to these cells (R3). This resulted
in seven threads in the Thread View, and then the instructor examined
them one by one together with the Text View. He found that five of
these threads were social-based, such as “Hi friends, Anyone from
India - Tamilnadu!!!” and “Introduce Yourself!”. Moreover, he
noticed that these threads were composed with nodes in white or light
blue, indicating that they were actively supported by a number of
low achieving students. “It is not surprising”, the instructor added,
“But I never thought this pattern [social-based threads attracting
low-grade students] is obvious like that”. Then, the instructor decided
to identify which threads attracted high achieving students. He cleared
the previous selections and clicked the biggest cell in the last column
(grade 95-100). As shown in Figure 10(a), a thread depicted with
the Thread River caught his eye. From the time line in the diagram,
the instructor found that this thread was active for one month, which

(a) s S s e
b) > sossansesrseveRee)
24/07 27/07
© e N ses o s sesssvsasaes]
24/07 3T 31/0
(d) ese s e—e-ve-
27/0° 27/07

(e)

22/07

24/07

Fig. 10. (a), (b) and (c) demonstrate the results of dragging the time
window on the Thread River. (d) and (e) display two threads that attract
high achieving students.

was quite unusual. He dragged the focus time window of the thread
and saw that most nodes were in dark blue (Figure 10(b) and (c)),
indicating that high achieving students actively participated in this
thread. After clicking it, from the Text View the instructor found it was
“[OFFICIAL] Q&A - Project”, which was created by one TA to allow
students to post questions related to the course project. He wondered,
“Students caring about the project and technical details are likely to
get higher grades?” To confirm this hypothesis, the instructor further
selected some other threads that were full of dark blue nodes, such
as in Figure 10(d) and (e). In the Text View, he observed that these
threads were technically oriented and targeted on specific problems,
such as “LAB 4 tast 4 missing return statement?” and “Lab 04 task
1 Incompatible types error” (R5). One TA pointed to the screen and
said that he like the flexible color encoding because it allowed him to
inspect threads from different perspectives. He suggested adding more
user attributes to the color mapping for further insights.

6.1.4 Exploring Social Connection

After the above exploration, the instructor shifted his focus to the
social dynamics between different groups of students (R4). From
the heatmap matrix showing the group-level connections of all the
students by their nationalities (Figure 11(a)), he observed that most
interactions happened in the groups “USA”, “IND”and “TA”, indicated
by a few dark gray cells. Particularly, darker cells were along the
diagonal of the matrix, indicating students tended to discuss with
their peers in the same country. The instructor said that this pattern
made sense but was not expected, and he suggested that MOOC
forums should be designed for breaking these boundaries to encourage
more cross-group discussions. However, the TAs were the opposite,
showing significantly more connections with other groups of users
than their within-group interactions, “reflecting TAs’ special roles
in the forum.” Next, the instructor chose to group users by grade
in the Social Network View to identify social connections between
students with different achievements (Figure 11(b)). He noticed that
the diagonal corners of the matrix were much darker than other parts,
indicating that besides interacting with TAs, high achieving students
were more likely to discuss with each other and so do low achieving
students. Moreover, from the dark cells at the top left corner of
the matrix, the instructor found that TAs interacted with low-grade
students most often. “They [students with grades between zero and
five] gave up themselves although we tried our best to help them”,
added one TA. Also, the instructor appreciated the Social Network
View, “Social connections among TAs and students are important for
us to evaluate the performance of community TAs during the course
period. However, edX doesn’t provide this insight. iForum does a
good job by allowing us to analyze such information.”

6.2 General Feedback

The instructor and TAs showed great interest in using iForum, and
they appreciated the insights found in the current prototype. The
instructor mentioned: “Your system can help us generate hypotheses.
Some results are useful and inspiring and we have not thought of
computing them before. For example, [the matrix diagram indicates
that] the ten-week course may be too long for many students, and
we should refine the course design for the next run.” Therefore,
the instructor decided to try the “self-paced” mode of presenting the
course materials, thus providing more flexibility to students, in the
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Fig. 11. The heatmap matrices with users grouped by country (a) and
by grade (b).

the second release later in the same year. In addition, the instructor
proposed two other directions of refining their course design. First, the
TAs should compile a weekly FAQ during the course period. Second,
the instructor considered to include Android application development
in the next run.

From the post-interview discussion, the experts also suggested two
general directions for a deeper understanding of students’ learning
behavior in MOOCs. First, passive users, who surf forums without
posting, account for the majority of forum users [21]. For these users
who do not necessarily create posts, they may search and acquire
enough information in the forum. “Users creating posts in the forum
are limited”, therefore the instructor recommended integrating the
analysis of forum browsing and posting to obtain a comprehensive
picture of user activities in MOOC forums. Second, various learning
activities are recorded in heterogeneous MOOC data sources. For
example, discussions among students are presented in the forum data
and students’ video watching behaviors are stored in the clickstream
data. “I believe you can get deeper behavioral patterns by combining
the clickstream data and the forum data”, the expert suggested to
conduct a joint analysis among different data sources to gain a better
understanding of students’ learning behavior in MOOC:s.

More encouragingly, the expert would like to use iForum for pre-
senting insights when delivering talks outside the campus. To fit
to screens with different resolutions, he suggested showing detailed
views, i.e., the Thread View, the Social Network View, and the Text
View, in a tabbed panel.

7 DISCUSSIONS

Although our iterative user-centered design and the resulting case
study reveal the effectiveness of iForum in exploring the temporal dy-
namics of MOOC forum data from multiple perspectives and multiple
levels, some limitations still exist in the current prototype.

First, some parts in the analytical component of iForum need further
improvement. For example, in the sentiment analysis, one comment is
marked as negative with the content “I have sent the lab 01 and there
were no problems at all”. 1t is challenging due to the complexity and
variation of human languages. For instance, the state-of-the-art work
in predicting fine-grained sentiment labels for all phrases has only
achieved a precision of 80.7% [29]. Moreover, to apply seededLDA
to other courses, we need to manually generate a set of seed words
for each topic, which lacks the flexibility of vast deployment of the
system. However, when more advanced analytical techniques are
developed in the future, such limitations may be resolved.

Second, the G-boxplot is designed based on the box-and-whisker
diagram in statistics, which is not a commonly-seen visualization.
This design requires bit learning for users who are not familiar with
the box-and-whisker diagram. Although we do not encounter any
difficulty of understanding the G-boxplot during our design study with
the experts, designing a more intuitive visualization is necessary to
widen the audience for using iForum in the future.

Third, as shown in Figure 1(b), we use orange lines to depict
threads passing through all the selected cells in the matrix diagram.
However, lines connecting cells in the same row are usually overlaid
together. In addition, in the grouped node-link diagram, visual clutter
exists due to a large number of lines linking individual users. To
resolve these problems, we show entities with different opacities in the
current prototype. However, detailed connections are hard to perceive
by adjusting opacity only. We plan to employ the edge bundling
technique [13] or other methods summarized in [12], such as sampling,
to illustrate messy lines in a clean and informative way.

There also exists limitations of our design study. For example, we
only involve experts of one MOOC course in this study, which might
be insufficient to generalize our results to other domains. Further,
since the experts participate the iterative design process from the
beginning, and are familiar with the system during the study, potential
problems of iForum may not be fully revealed. Therefore we plan to
evaluate iForum with more MOOC courses and carry out interviews
with instructors from different domains.

Several interesting directions are promising to generalize the cur-
rent iForum design. First, the proposed design of visualizing lengthy
threads, Thread River, is flexible enough to be applied in exploring
and analyzing other asynchronous online discussions, such as blog
discussions, Email conversations and Twitter comments. Moreover,
although we conduct our design study in the context of analyzing
MOOC forum data, we believe most of the visual design in iForum
can also be applied to the exploration of other kinds of forums,
such as Stackoverflow [3], Reddit [2], etc. Because MOOC forum
data is similar to other forum data in structure, except that some
education-specific attributes (e.g., grade) are embeded in user profiles.
Thirdly, in this design study, we only collect user information from
two aspects: grade and country. It would be straightforward to extend
iForum to analyze richer user attributes, such as gender, age, and
education level, to gain a deeper understanding of their behaviors
in MOOC forum discussions. However, such multi-attributed user
information may require more advanced visualization techniques to
support effective faceted browsing in addition to the cross filtering
mechanisms in the Matrix View.

8 CONCLUSION AND FUTURE WORK

In this paper, we have presented a design study for developing a visual
analytics system, named iForum, which allows analysts to effectively
discover and understand dynamic patterns of MOOC forums. iForum
enables the interactive exploration of the complex and heterogeneous
MOOC forum data that includes three interleaving aspects, i.e., posts,
users, and threads, at three different scales. Moreover, through this it-
erative user-centered design process, we have outlined a set of domain-
specific goals and design rationales that could further inform the future
design of similar visualization systems. We have also proposed Thread
River that can illustrate temporal and structural information of lengthy
threaded discussions. The results of one case study have demonstrated
the effectiveness and usefulness of iForum in exploring real-world
MOOC forum data based on working with our domain experts.

In the future, we plan to enhance the reliability of the analytical
component of iForum by applying more advanced natural language
processing techniques. Next, since FAQ is important in MOOC
courses, we would like to enhance iForum by extracting FAQs au-
tomatically to accelerate the analysis of forum data. Moreover, our
experts rely on their previous knowledge to interpret the visualization.
We plan to integrate course events into iForum to suggest possible
reasons of noticeable patterns detected by the system. Further, we plan
to support real-time browsing of MOOC forums so that instructors and
TAs can dynamically adjust their strategies for delivering class lectures
or react to certain behaviors from students in the forums.
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